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[Problem] To provide a simple and cost-effective method for reducing the oxygen content of a 
polycrystalline silicon film annealed by ELA. 
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[Means for Solution] In a step of transforming an amorphous silicon layer into a 
polycrystalline silicon layer by depositing an amorphous silicon film on a substrate used in a 
flat panel display, followed by irradiating one or more target regions of the silicon film with 
one or more exposures to excimer laser energy, by a step of providing a surrounding 
environment for the silicon film and the substrate which is at atmospheric pressure during 
excimer laser annealing, and by a step of displacing a surrounding atmosphere from the 
surrounding environment in the target region by directing inert gas to the surface of the silicon 
film during irradiation of each target region, a method for reducing oxygen in the surrounding 
environment of the silicon film and being the oxygen content of the resultant polycrystalline 
silicon layer below a predetermined level. 
[Scope of Claim] 

[Claim 1] A method of forming a polycrystalline silicon film on a substrate used in a flat 
panel display, comprising: 

a) a step of depositing an amorphous silicon film on a substrate used in a flat panel display; 

b) a step of excimer laser annealing the amorphous silicon by irradiating one or more target 
regions of the silicon film with one or more exposures to excimer laser energy to transform 
the amorphous silicon layer into a polycrystalline silicon layer, the excimer laser annealing 
step including: 

i) a step of providing a surrounding environment for the silicon film and the substrate which is 
at atmospheric pressure during the excimer laser annealing; and 

ii) a step of displacing a surrounding atmosphere from the surrounding environment of each 
target region by directing inert gas to the surface of the silicon film during irradiation of the 
target region, whereby oxygen in the surrounding environment of the silicon film is reduced 
during the excimer laser annealing, and the oxygen content of the resultant polycrystalline 
layer is below a predetermined level. 

[Claim 2] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 1, in which, during the excimer laser annealing step, the gas directed to the surface of 
the silicon film to displace the surrounding atmosphere is selected from a group consisting of 
argon and nitrogen. 

[Claim 3] A method of forming a polycrystalline silicon film on a flat panel display as in 
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claim 1, in which the excimer laser annealing step is performed in a surrounding atmosphere 
which is predominantly air and includes the step of displacing air from the surrounding 
environment of each target region by the inert gas. 

[Claim 4] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 1, in which the excimer laser annealing step includes a step of directing a flow of the 
inert gas onto the surface of the amorphous silicon film in the target region during irradiation 
of each the target region. 

[Claim 5] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 1, in which the step of providing a surrounding environment for the silicon film and the 
substrate during the excimer laser annealing step further includes a step of providing a 
surrounding environment which is at room temperature. 

[Claim 6] A method as in claim 1, in which the step of irradiating one or more target regions 
of the silicon film includes a step of irradiating a successive target region on the silicon film 
until a predetermined region of the silicon film is transformed into polycrystalline silicon. 
[Claim 7] A method of forming a polycrystalline silicon film on a substrate used in a flat 
panel display, comprising: 

a) a step of depositing an amorphous silicon film on a substrate used in a flat panel display; 

b) a step of providing a surrounding environment for the silicon film and the substrate which 
is predominantly air at atmospheric pressure; 

c) a step of, in the surrounding environment, displacing air from a target region of the surface 
of the silicon film by directing inert gas to the surface of the silicon film; 

d) a step of, while displacing air from the target region, excimer laser annealing the 
amorphous silicon in the target region by irradiating the silicon film with one or more 
exposures to excimer laser energy; and 

e) a step of repeating the steps c) and d) for a successive target region of the silicon film until 
the amorphous silicon film on the substrate is transformed into a polycrystalline silicon film, 
whereby excimer laser annealing is performed on each target region in a surrounding 
environment in which oxygen is reduced and the oxygen content of the resultant 
polycrystalline silicon layer is below 0.5 atomic percent. 

[Claim 8] A method of forming a polycrystalline silicon film on a flat panel display as in 
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claim 7, in which a step of displacing air from the target region of the surface of the silicon 
film includes a step of directing gas selected from a group consisting of argon and nitrogen to 
the surface of the silicon film. 

[Claim 9] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 7, in which the step c) includes a step of directing a continuous flow of inert gas onto 
the surface of the amorphous silicon film in the target region. 

[Claim 10] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 7, in which the step c) further includes a step of directing a continuous flow of the inert 
gas onto the entire surface of the amorphous silicon film of the substrate. 

[Claim 11] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 7, in which the steps b) through e) are performed in a surrounding environment which is 
at a temperature of less than 70*0. 

[Claim 12] A method of forming a polycrystalline silicon film on a substrate used in a flat 
panel display, comprising: 

a) a step of depositing an amorphous silicon film on a substrate used in a flat panel display; 

b) a step of providing a surrounding environment for the silicon film and the substrate which 
is predominantly air at atmospheric pressure; 

c) a step of in the surrounding environment, displacing air from the surface of the silicon film 
by directing a flow of inert gas to the surface of the silicon film; and 

d) a step of excimer laser annealing the amorphous silicon by irradiating one or more target 
regions of the silicon film with one or more exposures to excimer laser energy to transform 
the amorphous silicon layer into a polycrystalline silicon layer, whereby excimer laser 
annealing is performed in a surrounding environment in which oxygen is reduced and the 
oxygen content of the resultant polycrystalline silicon layer is below a predetermined level. 
[Claim 13] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 12, in which the step of displacing air from the target region of the surface of the silicon 
film includes a step of directing a flow of gas selected from a group consisting of argon and 
nitrogen to the surface of the silicon film. 

[Claim 14] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 12, in which the step b) further includes a step of providing a surrounding environment 
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which is at a temperature of less than 7(fC . 

[Claim 15] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 14, in which the step b) further includes a step of providing a surrounding environment 
which is at room temperature. 

[Claim 16] A method of forming a polycrystalline silicon film on a flat panel display as in 
claim 12, in which the reduction of oxygen in the surrounding environment during the 
excimer laser annealing produces an oxygen content in the resultant polycrystalline silicon 
layer which is below 0.5 atomic percent. 

[Claim 17] A method of forming a polycrystalline silicon film on a flat panel display as in 

claim 12, in which the excimer laser annealing step includes a step of irradiating a successive 

target region on the silicon film until a predetermined region of the silicon film is transformed 

into polycrystalline silicon. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention belongs] This invention relates generally to a flat 
panel display manufacturing system and more specifically to a method of forming a 
polycrystalline silicon film on a flat panel display substrate. 
[0002] 

[Prior Art] A thin film transistor (TFT) used in a liquid crystal display (LCD) or a flat panel 
display of an active matrix type is manufactured on a silicon film deposited on a transparent 
substrate. The most widely used substrate is glass, and amorphous silicon is readily 
deposited on glass. To provide polycrystalline silicon (alternatively known as polysilicon i.e. 
p-Si) suitable for a TFT requires crystallization of deposited amorphous silicon. One method 
of obtaining polycrystalline silicon film on an LCD substrate is solid phase crystallization of 
deposited amorphous silicon. Solid phase crystallization is carried out by high temperature 
annealing, but a glass substrate can not withstand the temperature necessary to melt and 
crystallize silicon. A quartz substrate can withstand high temperature annealing, but quartz 
is too expensive for most LCD applications. 

[0003] Because glass is deformed when exposed to a temperature above 600 *C , 
low-temperature crystallization (preferably below 550*0) is used in solid phase processing of 
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LCD silicon. A low temperature process requires a long anneal time (at least several hours). 
Such processing is inefficient and yields a polycrystalline silicon TFT which has relatively 
low electric field effect mobility and a poor transfer characteristic. Polycrystalline silicon 
produced by solid phase crystallization of deposited amorphous silicon on glass is a problem 
due to a small crystal size and an intragrain defect of a high-density in a crystallization 
structure. 

[0004] Excimer laser annealing (ELA) has been actively investigated as an alternative to 
low-temperature solid phase crystallization of an amorphous silicon film on glass. In 
excimer laser annealing, laser radiation is performed to a selected region of a target film by a 
high-energy pulsed laser, exposing the silicon to very high temperature for a short duration. 
As is known to those skilled in the art, typically, each laser pulse covers only a small region 
(several millimeters width) and a whole target is crystallized by moving a substrate or a laser 
step-like and overlapping a irradiation region of the laser. A more powerful laser with a 
larger beam profile is under active development and becoming available at present. 
Regardless of a number of exposure and a pattern, excimer laser annealing allows a region of 
an amorphous film to be crystallized without damage to an underlying glass substrate. 
[0005] The major advantages of excimer laser annealing are the formation of polysilicon 
grains with excellent structural quality and the ability to process a selected region of a display 
panel. Polycrystalline silicon produced on a transparent substrate by excimer laser annealing 
has electron mobility characteristics rivaling an IC driver circuit currently used in an 
amorphous silicon LCD. Therefore, it becomes possible to incorporate a driver circuit onto 
the substrate, simplifying manufacturing. 

[0006] The most common problem that occurs in excimer laser annealing is the narrow 
process window associated with the development of large and uniform grain sizes. Surface 
roughness inherent to the excimer laser annealing is also a problem. Research has suggested 
that improvements in surface condition, a reduction in defects, and an increase of crystal size 
are associated with low oxygen content in ELA polycrystalline silicon films. Oxygen 
content can be controlled in several ways, and the industry standard currently is a method to 
perform ELA in a high vacuum (10~ 7 Torr) or, somewhat less efficacious, in a low vacuum 
(rough vacuum) (10~ 3 Torr). Alternatively, excimer laser annealing has been carried out in a 
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chamber filled with non-oxygen surroundings such as He, Ar, or N 2 with varying results. 
The association between oxygen content and polycrystalline silicon film quality is still being 
investigated, but the present invention is directed to a method of controlling oxygen content in 
a way that is more practical and economical than prior art techniques. 

[0007] A significant problem with regard to prior art systems for reducing oxygen 
incorporation into polycrystalline silicon during ELA is the need for a process chamber to 
house a target substrate. When a process chamber (alternatively, called: "chamber", 
"processing chamber", or "substrate isolation chamber") is used, an excimer laser beam must 
pass into the chamber through a quartz window. Vacuum chambers, in particular, are costly 
and quartz windows cost several thousand dollars and have only a limited life, lasting only 
days or weeks in mass production. A chamber for processing in non-air surroundings near 
the atmospheric pressure is somewhat simpler than a vacuum chamber, but still has an 
expensive quartz window. The costs associated with a processing chamber are one reason 
that ELA equipment without a substrate isolation chamber is still being manufactured, sold, 
and utilized. However, this verifies that polycrystalline silicon with inferior mobility 
characteristics (and higher oxygen content) compared with a film annealed in vacuum is 
produced by ELA performed in air surrounding. 
[0008] 

[Problems to be Solved by the Invention] The problem that the present invention is to solve is 
to effectively control the amount of oxygen incorporated in an ELA polycrystalline silicon 
film, keeping the oxygen content below a predetermined threshold, while minimizing the 
production cost of the device regarding an anneal apparatus. 

[0009] It would be advantageous to improve the film quality of an ELA polycrystalline silicon 
film on a flat panel display substrate by performing excimer laser annealing in a 
predominantly air surrounding at atmospheric pressure, eliminating the need for a substrate 
isolation chamber that has a costly quartz window through which a laser beam must pass. 
[0010] In addition, it would be advantageous to improve the film quality of an ELA 
polycrystalline silicon film by reducing oxygen incorporation with relatively simple changes 
to ELA equipment designed for annealing in air surroundings. 

[0011] The present invention has been made in view of problems above, and the object is to 
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provide a simple and cost-effective method of reducing oxygen content of a polycrystalline 

silicon film annealed by ELA by overcoming the problems. 

[0012] 

[Means for Solving the Problem] A method of forming a polycrystalline silicon film on a 
substrate used in a flat panel display, comprising: a) a step of depositing an amorphous silicon 
film on a substrate used in a flat panel display; b) a step of excimer laser annealing the 
amorphous silicon by irradiating one or more target regions of the silicon film with one or 
more exposures to excimer laser energy to transform the amorphous silicon layer into a 
polycrystalline silicon layer, the excimer laser annealing step including: i) a step of providing 
a surrounding environment for the silicon film and the substrate which is at atmospheric 
pressure during the excimer laser annealing; and ii) a step of displacing the surrounding 
atmosphere from the surrounding environment of each target region by directing inert gas to 
the surface of the silicon film during irradiation of the target region, whereby oxygen in the 
surrounding environment of the silicon film is reduced during the excimer laser annealing and 
the oxygen content of the resultant polycrystalline silicon layer is below a predetermined 
level ,is provided. 

[0013] During the excimer laser annealing step, the gas directed to the surface of the silicon 
film to displace the surrounding atmosphere may be selected from a group consisting of argon 
and nitrogen. 

[0014] The excimer laser annealing step is carried out in a surrounding atmosphere which is 
predominantly air and may include a step of displacing the air from the surrounding 
environment of each target region by the inert gas. 

[0015] The excimer laser annealing step may include a step of directing a flow of the inert gas 
onto the surface of the amorphous silicon film in the target region during irradiation of the 
each target region. 

[0016] The step of providing a surrounding environment for the silicon film and the substrate 
during the excimer laser annealing step may further include a step of providing a surrounding 
environment which is at room temperature. 

[0017] The step of irradiating one or more target regions of the silicon film may include a step 
of irradiating a successive target region on the silicon film until a predetermined region of the 
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silicon film has been transformed into polycrystalline silicon. 

[0018] A method of forming a polycrystalline silicon film on a substrate used in a flat panel 
display, comprising: a) a step of depositing an amorphous silicon film on a substrate used in a 
flat panel display; b) a step of providing an ambient environment for the silicon film and the 
substrate which is predominantly air at atmospheric pressure; c) a step of, in the surrounding 
environment, displacing the air from a target region of the surface of the silicon film by 
directing inert gas to the surface of the silicon film; d) a step of, while displacing the air from 
the target region, excimer laser annealing the amorphous silicon in the target region by 
irradiating the silicon film with one or more exposures to excimer laser energy; and e) a step 
of repeating the steps c) and d) for a successive target region of the silicon film until the 
amorphous silicon film on the substrate transformed into a polycrystalline silicon film, 
whereby excimer laser annealing is carried out on each target region in a surrounding 
environment in which oxygen is reduced and the oxygen content of the resultant 
polycrystalline silicon layer is below 0.5 atomic percent, is provided. 

[0019] The step of displacing air from the target region of the surface of the silicon film may 
include a step of directing gas selected from the group consisting of argon and nitrogen to the 
surface of the silicon film. 

[0020] The step c) may include a step of directing a continuous flow of inert gas on the 
surface of the amorphous silicon film in the target region. 

[0021] The step c) may further include a step of directing a continuous flow of the inert gas 
on the entire surface of the amorphous silicon film of the substrate. 

[0022] The steps b) through e) may be conducted in a surrounding environment which is at a 
temperature of less than 70*0. 

[0023] A method of forming a polycrystalline silicon film on a substrate used in a flat panel 
display, comprising: a) a step of depositing an amorphous silicon film on a substrate used in a 
flat panel display; b) a step of providing a surrounding environment for the silicon film and 
the substrate which is predominantly air at atmospheric pressure; c) a step of, in the 
surrounding environment, displacing the air from the surface of the silicon film by directing a 
flow of inert gas to the surface of the silicon film; and d) a step of excimer laser annealing the 
amorphous silicon by irradiating one or more target regions of the silicon film with one or 
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more exposures to excimer laser energy to transform the amorphous silicon layer into a 
polycrystalline silicon layer, whereby excimer laser annealing is performed in a surrounding 
environment in which oxygen is reduced and the oxygen content of the resultant 
polycrystalline silicon layer is below a predetermined level, is provided. 

[0024] The step of displacing air from the target region of the surface of the silicon film may 
include a step of directing a flow of gas selected from the group consisting of argon and 
nitrogen to the surface of the silicon film. 

[0025] The step b) may further include a step of providing a surrounding environment which 
is at a temperature of less than 70X2>. 

[0026] The step b) may further include a step of providing a surrounding environment which 
is at room temperature. 

[0027] The reduction of oxygen in the surrounding environment during the excimer laser 
annealing may produce an oxygen content in the resultant polycrystalline silicon layer which 
is below 0.5 atomic percent. 

[0028] The excimer laser annealing step may include a step of irradiating a successive target 
region on the silicon film until a predetermined region of the silicon film has been 
transformed into polycrystalline silicon. 
[0029] The following will explain the function. 

[0030] A method of forming a polycrystalline silicon film on a substrate used in a flat panel 
display is provided. This method includes, first of all, a step of depositing an amorphous 
silicon film on a substrate used in a flat panel display. The substrate is typically glass. The 
next step is a step of excimer laser annealing the amorphous silicon by irradiating one or more 
target regions of the silicon film with one or more exposures to excimer laser energy. The 
amorphous silicon layer is transformed into a polycrystalline silicon layer by the annealing 
step. The excimer laser annealing step includes a step of providing a surrounding 
environment for the silicon film and the substrate which is at atmospheric pressure during the 
excimer laser annealing. Moreover, this excimer laser annealing step further includes a step 
of displacing a surrounding atmosphere from the surrounding environment of each target 
region by directing inert gas to the surface of the silicon film during irradiation of the target 
region. In this way, oxygen in the surrounding environment of the silicon film is reduced 
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during the excimer laser annealing, and the oxygen content of the resultant polycrystalline 
silicon layer is below a predetermined level. 

[0031] In a preferred embodiment of the present invention, the inert gas used in displacing the 
surrounding atmosphere from the surrounding environment of each target region of the silicon 
film is selected from the group consisting of argon and nitrogen. In addition, argon is 
preferable among the suggested gas. The surrounding environment provided during the 
excimer laser annealing step is preferably predominantly air, and it is the air immediately 
adjacent the surface of the silicon film that is displaced by the step of directing inert gas to the 
surface of the silicon film. 

[0032] It is further suggested that the best method of directing inert gas to the surface of the 
silicon film to displace the surrounding (for example, air) atmosphere, is to direct a 
continuous flow of inert gas onto the surface of an amorphous silicon film. The suggested 
temperature at which excimer laser annealing step is performed is room temperature or, 
alternatively, a temperature of less than 70*0. 

[0033] The present invention may be used to transform amorphous silicon into polycrystalline 
silicon on a flat panel display substrate (alternatively, referred to herein as liquid crystal 
display substrate, or LCD substrate) of any size. Accordingly, in a step of irradiating a target 
region of a silicon film, it is required to anneal an entire substrate or an entire predetermined 
target region by exposing only a target region with one shot. Since ELA is customarily 
performed using a small cross-section laser beam which covers only a part of the LCD panel 
being processed, the irradiation step is performed by irradiating a successive target region on 
a silicon film a plurality of times until the process in complete. Completing the process 
means either irradiating a successive target region until the entire surface of the silicon film 
has been excimer laser annealed, or irradiating whichever a selected sub-region or 
predetermined region of the film is targeted for conversion to polycrystalline silicon. 
Another alternative variation on the irradiation step is to use a broad cross-section, so-called 
"single shot" ELA laser which covers the entire surface of the silicon film, in which case, only 
a single target region is exposed in the process. 

[0034] The method of the present invention, if carried out in a predominantly air surrounding, 
allows for the displacing of air with inert gas either which is directed to a limited sub-region 
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of the silicon film in the target region of the film where excimer laser annealing is performed, 
or which is filled the entire surface of the silicon film during the entire excimer laser 
annealing process. In the latter alternative, the flow of inert gas is not directed to any 
specific target region and the entire surface of the silicon film is displaced of air by inert gas 
while a successive target region is annealed. Regardless of the size of the region wherein air 
is displaced by inert gas, the purpose of the process is to reduce oxygen in the surrounding 
environment during excimer laser annealing whereby the oxygen content of the resultant 
polycrystalline silicon layer is maintained a level below a predetermined level, preferably 
below 0.5 atomic percent. 

[0035] A fabrication method of a silicon-on glass substrate used in a flat panel display 
fabrication is provided by the present invention. A layer of an amorphous silicon film is 
deposited on a glass substrate. Amorphous silicon is transformed into polycrystalline silicon 
by being annealed with excimer laser annealing. Excimer laser annealing is performed in a 
surrounding environment which is predominantly air at atmospheric pressure and at room 
temperature. In this process, an environment chamber to accommodate a substrate during 
excimer laser annealing is not required. This process replaces a surrounding air surrounding 
the target region on the surface of the silicon film at which a laser beam is irradiated to the 
silicon film by using inert gas. As a result, oxygen in the surrounding environment on the 
substrate is reduced at the time of annealing, and the oxygen content of the resultant 
polycrystalline silicon layer is maintained a level below a predetermined level. This process 
provides polycrystalline silicon with less defects and improved crystallinity on the flat panel 
display substrate compared to polycrystalline silicon formed by ELA in air. 
[0036] 

[Embodiment of the Invention] FIG 1 is a schematic illustration of the components of an 
excimer laser annealing (ELA) apparatus 10. Several manufacturers supply excimer laser 
annealing systems suitable for use with the method of the present invention, including Sopra, 
S.A. of France, Lambda Physik of Germany, and XMR, Inc. of Fremont, California. 
Excimer laser and related systems are known to those skilled in the art of excimer laser 
annealing, and the method of the present invention is suitable for use with any ELA system 
designed to transform an amorphous silicon film deposited on a liquid crystal display 
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substrate into a polycrystalline silicon film. 

[0037] Excimer laser annealing apparatus 10 includes a laser head 14 which emits 
high-energy coherent radiation at a selected wavelength. The type of laser used is a matter 
of a design choice. For example, a XeCl laser emits UV radiation at a wavelength of 308 
nm; a KrF laser operates at a wavelength of 248 nm. Laser 14 emits a pulsed laser beam 20 
which is adjustable to various energy levels. Pulse duration can be varied over a wide range, 
typically 10-200 nm, and the pulse repetition rate can be generally selected between 0.1 H 2 
and 50 Beam cross-sections can vary widely depending on the power level of laser and 
the type of optics used in an apparatus as will be discussed below. Each of operational 
parameter of any specific excimer laser systems conforms to the present invention, and the 
process can be performed using laser which operates within or outside the numerical range 
suggested in this paragraph. 

[0038] Laser 14 emits a beam 20 and the beam 20 passes through a beam homogenizer 26. 
The homogenizer 26 is an optical system that produces substantially uniform beam profile as 
the beam applies to the target surface. The size of the beam 20 as it generates from the 
homogenizer 26, and any other related optics (not shown), determines the size and 
configuration of the target region on the substrate to be irradiated by the laser beam 20. A 
beam profile ranges substantially from a typical beam between of 10 mm 2 and 50 mm 2 to 
so-called "single shot" ELA which can anneal the entire flat panel display by a single 
exposure. 

[0039] The target toward which laser beam 20 is aimed is a flat panel display substrate 36 
onto which a layer of amorphous silicon film layer 38 has previously been deposited. In 
apparatus 10, the substrate 36 is supported on a movable stage 40 of any suitable type capable 
of repositioning the substrate 36 in a programmable manner to ensure that a successive target 
region 43 (where the beam 20 applies to the film 38) on the substrate 36 is sequentially or 
repeatedly irradiated. Needless to say, alternatively, it is easily understood that the function 
of the movable stage 40 can be achieved by actuating the laser head 14 and related optics with 
regard to a fixed stage, or by changing the direction of the beam 20 so that the beam 20 aims 
at a different target region on the substrate 36. Whichever way this function is accomplished, 
the purpose of the ELA apparatus 10 is to expose a selected region of the surface 42 of the 
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amorphous silicon layer 38 which has been deposited on the substrate 36, to excimer laser 
energy by irradiating one or more target regions of the silicon. 

[0040] The power level of the laser 14, the duration of the laser pulse emitted, and the size of 
the laser beam 20 determine the number of exposure, namely, the number of "shot" to which 
each target region on the substrate 36 is exposed. An ELA system is readily programmed to 
conduct multiple exposures, depending on a case, 100 exposures or more, on each sub-region 
or target region of the substrate, in order to properly anneal and crystallize the amorphous 
silicon film. The method of the present invention is not limited to any specific laser 
annealing parameters, and can be readily used with excimer laser of any suitable power levels 
programmed to deliver single shot or multiple shots of laser energy to each target region. If 
the laser 14 has sufficient power and the beam 20 has sufficient cross-section to irradiate 
(shoot the entire surface region of the substrate 36 in a single exposure, this method requires 
irradiation of only a single "target region" on the substrate. In such a case, the method 
described below will not require the irradiation of a successive target region of the silicon film. 
In most applications, a method requires irradiation of a successive target region of the silicon 
film 38 until either the entire film layer has been transformed into polycrystalline silicon, or a 
predetermined area (in a selected region) of the film has been transformed. 
[0041] A specific advantage of the present invention is that the ELA apparatus 10 does not 
require an environmental chamber or the like in which the substrate 36 is enclosed during 
excimer laser annealing. Such chamber is generally designed to be evacuated to be in either 
a high or low vacuum, or is designed to contain a controlled surrounding atmosphere. In the 
ELA system including such environmental chamber, the beam 20 from the laser 14 enters the 
chamber through a suitable window, generally made of quartz. When conducting the method 
of the present invention, a chamber, a window, a pump, and other equipment associated with a 
substrate isolation chamber are not required. Instead in the apparatus 10, the laser 14, the 
movable stage 40, and the target substrate 36 are positioned in a conventional LCD processing 
clean room environment. This clean room environment further includes a proper substrate 
handler and a conveyer (not shown) to position an LCD substrate on an X-Y stage 40. 
[0042] The ELA apparatus 10 adapted for performing the method of the present invention 
includes an inert gas supply system 50 to direct inert gas to the surface of the silicon film 38 
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on the substrate 36. The inert gas supply system 50 includes one or more reservoirs 56 of 
suitable inert gas, preferably argon (Ar) or nitrogen (N 2 ). The reservoir 56 can contain 
liquefied gas when fitted with a suitable vaporizer, or it can be a gas reservoir. 
[0043] The inert gas supply reservoir 56 is operatively connected to one or more nozzles 60 
through a suitable manifold or a conduit 64 which delivers inert gas to the region of the 
surface 42 of the silicon film layer 38 on the substrate 36. One or more valves 70 and pumps 
74 are optionally provided to control the flow of inert gas from the supply reservoir 56 to the 
nozzle 60. The number, shape, size and configuration of the nozzle 60 is a matter of design 
choice and optimization and the nozzle can take a variety of forms such as a shower head, 
multiple individual nozzles, or one or more elongated laminar flow-type apertures. 
[0044] The purpose of the inert gas supply system 50 is to direct inert gas, preferably argon or 
nitrogen to the surface 42 of the silicon film 38 during irradiation of the target region 43 by 
the laser beam 20. The gas displaces a surrounding atmosphere from the surrounding 
environment of the target region 43 during one or more exposures of the target region 43 to 
excimer laser energy. It is readily understood by those skilled in the art that the number and 
configuration of the nozzle 60 is a matter of design choice which depends on factors such as 
the size and orientation of the target surface 42, the size and profile of the excimer laser beam 
20, the type and volume of inert gas supplied, and the process conditions selected for the 
ELA. 

[0045] The nozzle can either move with the X-Y stage 40 (i.e., remain stationary relative to 
the substrate 36), or remain stationary while the stage 40 moves, depending on whether 
oxygen during ELA is to be displaced more or less continuously from the entire surface 42 of 
the silicon film 38, or displaced only from the limited target region 43. In the first option, 
the nozzle 60 would be configured to flood the entire surface 42 of the silicon film 38 during 
the excimer laser annealing of each target region, until all selected or predetermined target 
regions on the film 38 have been annealed. In the second option, the nozzle 60 is fixed 
relative to the beam 20, and directs inert gas to the target region 43 while the position of the 
substrate 36 is moved to a successive target position. Thus, the surrounding atmosphere 
would be displaced by inert gas from each target region on the surface 42 of the silicon film 
38 as the target region is annealed. 
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[0046] FIG 2 shows a step in the method of the present invention. The initial step 90 is a 
preparation of a suitable flat panel display substrate where an amorphous silicon film is 
deposited. Although a glass substrate 36 (FIG 1) is assumed in this process, a plastic 
substrate or other substrates can be used with the method of the present invention. A layer of 
amorphous silicon (a-Si) is deposited on the glass substrate by any suitable means, for 
example, plasma enhanced chemical vapor deposition (PECVD). If a barrier layer is used, 
such as silicon dioxide, this barrier layer is first deposited on the glass, preferably by using 
PECVD. A typical thickness range for the a-Si film on the substrate 36 is, generally, in the 
range of 20-200 nm. The dimensions of the substrate in the step 90 are unimportant to the 
method of the present invention and any size flat panel display can be used in this process. 
[0047] The next steps 92, 94, and 96 in the method are performed substantially 
simultaneously. The substrate formed in the step 90 is positioned on the suitable excimer 
laser annealing apparatus 10 as described with reference to FIG 1. In the step 92, a 
surrounding environment is provided for the silicon film and the substrate which is at 
atmospheric pressure. The process could be carried out at any temperature suitable for 
excimer laser annealing and room temperature is recommended since room temperature is the 
easiest to provide. Alternatively, a temperature below 70 is recommended. The 
surrounding atmosphere is preferably air because air is the easiest surrounding atmosphere to 
provide and the present invention is directed to mass production of a flat panel display. The 
present invention is intended to be conducted in air in a typical clean room environment of 
any suitable type. 

[0048] Although the method and step 92 are, in the present specifications, described as taking 
place in an air surrounding, it is more accurately, described as a predominantly surrounding of 
air. An essential part of the process is the displacement of the surrounding atmosphere from 
the surface of the silicon film on the substrate 36 during excimer laser annealing by inert gas. 
Of course, that means that in the immediate and critical region where the excimer laser beam 
20 applies to the surface 42 of the silicon film 38 (i.e., the target region 43), the surrounding 
atmosphere is, in fact, inert gas, not air. Nevertheless, the laser 14 which supports the stage 
40, and all peripheral devices are in an air atmosphere, which simplifies the carrying out of 
the process. The purpose of the present invention is to eliminate the need for an 
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environmental chamber of some kind to house the substrate during ELA. This invention 
accomplishes this purpose simply, by displacing the air in a critical target region immediately 
adjacent the surface 42 of the silicon film 38 during the critical time when excimer laser 
annealing of each target region is carried out. Therefore, the process is properly described 
being carried out in an air surrounding, alternatively, or a predominantly air surrounding. 
That is because a very large percentage of the atmosphere surrounding the equipment which 
conducts the process is a surrounding atmosphere of a room in which the process is taking 
place. 

[0049] The next step in the method, the step 94, is the displacing the surrounding atmosphere 
from the surrounding environment of each target region on the surface of the silicon film. 
This step is conducted by the inert gas supply system 50 which directs a selected inert gas to 
the surface 42 of the film 38 during irradiation of each target region 43. A preferred inert 
gas used in the step 94 is either argon or nitrogen. Experimentation has shown some slight 
tendency of nitrogen to combine with silicon during excimer laser annealing, forming N-Si 
compounds, although the effect of such compounds in a crystalline silicon film is not fully 
known. For that reason, although nitrogen is well-known inert gas, it is slightly reactive 
under ELA condition. For that reason, applicant recommends the use of argon at the present 
time, although further experimentation may demonstrate the equal stability of nitrogen for use 
in the step 94. 

[0050] The step 94 displaces the air or other surrounding atmosphere from the surrounding 
environment of each target region 43 on the silicon film 38 during irradiation of the target 
region by laser beam 20. The reason for displacing the surrounding atmosphere is to reduce 
oxygen in the surrounding environment adjacent the silicon film during excimer laser 
annealing. If oxygen in the surrounding environment is reduced during ELA, the oxygen 
content of the resultant polycrystalline silicon layer is reduced. It is the purpose of the 
present invention to maintain the oxygen content of the polycrystalline silicon layer below a 
predetermined level, preferably below 0.5 atomic percent. That is the level above which the 
film quality of the polycrystalline silicon degrades. The present invention provides a simple 
and cost-effective method of an ELA processing that yields a polycrystalline silicon film 
having an oxygen content in the crystalline structure that is below 0.5 atomic percent. 
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[0051] The next step, the step 96 is an excimer laser annealing step. The amorphous silicon 
film 38 is exposed to excimer laser energy simultaneously with the steps 92 and 94. As is 
described above with reference to FIG 1, the typical excimer laser annealing apparatus 
conducts ELA by irradiating a successive target region of the silicon film with one or more 
exposures to excimer laser energy to transform the amorphous silicon layer into the 
polycrystalline silicon layer. Alternatively, if the substrate 36 is sufficiently small, or the 
size of the beam 20 is sufficiently large, a single target region 43 could cover the entire 
surface region of the silicon film 38 in a single shot or exposure. Consequently, the step 96 
is most broadly characterized as excimer laser annealing the amorphous silicon by irradiating 
one or more target regions of the silicon film with one or more exposures to excimer laser 
energy. Regardless of the number of the target regions which must be individually exposed, 
the step 96 is carried out simultaneously with the step 92 and the step 94 of displacing the 
surrounding atmosphere from the surrounding environment of the target region by inert gas 
directed to the surface of the silicon film. 

[0052] In a present typical state-of-the-art ELA process for a large flat panel display, the step 
96 involves a step of irradiating a successive target region of the film with one or more 
exposures (shots) of excimer laser energy, followed by a repositioning of the relative position 
between the target region 43 on the substrate 36 and the laser beam 20. Such repositioning 
is accomplished, in the apparatus of FIG 1 by the X-Y movement of the movable stage 40 
relative to the laser 14. 

[0053] Once the step 96 is completed, the product 98 of the process which is further 
processed is a flat panel display substrate with a film of polycrystalline silicon suitable for a 
thin film transistor (TFT) and other active devices. The oxygen content of the 
polycrystalline silicon layer 38 on the substrate 36 is below a predetermined level, preferably 
below 0.5 atomic percent. 

[0054] The flow characteristic of the inert gas supplied during the step 94 is a matter of 
process optimization and selection. The inert gas has a certain cooling effect which may or 
may not be desirable in the ELA processing of a particular amorphous silicon film. Factors 
such as the thickness of the deposited amorphous silicon film on the substrate, surrounding 
temperature conditions during processing, and the inert gas used in the process, will affect the 
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selection of the flow rate of inert gas in the step 94. For example, the gas could be supplied 
by a short burst or pulse which will displace the surrounding atmosphere in a long time 
enough to complete the irradiation of a target region on the substrate, after that another burst 
and pulse of gas is delivered to a new target region. Alternatively, a preferred methodology 
could be to maintain a continuous flow of inert gas over the surface of the silicon film during 
the entire ELA process. The latter option would increase the cooling effect of the inert gas 
which would modify the rate or quality of the crystallization which occurs. Similarly, the 
surrounding temperature at which the steps 92, 94, and 96 are conducted is a matter of 
optimization and design choice. As noted above, the method of the present invention is 
adapted to be performed at room temperature to simplify the provision of suitable surrounding 
conditions. A suggested alternative is to perform the method at a surrounding temperature of 
70*C or less. 

[0055] FIG 3 shows an alternative embodiment of the steps of the present invention. In the 
embodiment of FIG 3, the ELA process is carried out on a successive target region of the 
silicon film on the substrate 36 (FIG 1) until all selected target regions have been processed. 
The initial step in the embodiment of FIG 3 is step 10, which is the same as the step 90 in the 
embodiment of FIG 2. The next step in the embodiment of FIG 3 is step 102, which is the 
same as the step 92 in the embodiment of FIG 2, assuming a predominantly air surrounding 
environment. The next step in the embodiment of FIG 3 is step 104, displacing the air from 
a target region on the surface of the silicon film by directing inert gas to the surface of the 
silicon film. The step 104 is performed by an inert gas supply system 50 of FIG 1, and the 
inert gas, preferably argon or nitrogen is directed to the surface 42 of the silicon film 38 
through the nozzle 60. 

[0056] The next step in the embodiment of FIG 3 is step 106, which is excimer laser 
annealing the amorphous silicon in the target region by irradiating the silicon film with one or 
more exposures to excimer laser energy while the step 104 is being carried out. The step 
106 is the equivalent to the step 96 in FIG 2. 

[0057] Step 108, as shown in FIG 3, is a yes/no decision point, wherein the process returns to 
the step 104 and repeats the steps 104 and 106 for a successive target region of the silicon 
film until the amorphous silicon film on the substrate has been transformed into a 
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polycrystalline silicon film. Once all the selected target regions on the substrate have been 
transformed into the polycrystalline silicon film, the process is completed. The yes/no 
decision point 108 controls the irradiation of the successive target regions on the silicon film. 
When all or a predetermined number of target regions on the film have been transformed into 
polycrystalline silicon, as determined when the ELA equipment 10 is programmed, the ELA 
process is stopped. Once the predetermined regions of the substrate have been crystallized, 
covering either the entire regions or selected regions of the silicon film 38, as a result, a 
product 110 can be obtained. The product is a substrate which has polycrystalline silicon on 
its surface, and the polycrystalline silicon has an oxygen content below 0.5 atomic percent. 
As noted above, that reduced oxygen content results from the ELA step 106 being performed 
in a surrounding environment in which oxygen is substantially reduced. 
[0058] 

[Embodiment] What follows are embodiments of the processing of a flat panel display in 
accordance with the method of the present invention. 

[0059] Amorphous silicon 500 A-thick, is deposited by plasma-enhanced 
chemical-vapor-deposition (PECVD) on a transparent substrate with or without a base coat 
(i.e. 2000 A Si0 2 layer). The film is subjected to a low-temperature (400 - 450*C) annealing 
step to drive out hydrogen that is typically incorporated into the silicon film during deposition. 
Other deposition techniques (i.e. physical vapor deposition, PVD) could be utilized to 
eliminate the need for the low-temperature dehydrogenation step. Then, the film is laser 
annealed using excimer laser (i.e. XeCl at 308 nm) in the following manner. 
[0060] The substrate with the deposited silicon film is loaded on an X-Y moving stage. This 
is an open configuration (i.e. no chamber necessary). The laser beam, generated by an 
optical system, is directed to the surface of the film. A homogenizer is included in the pass 
of the beam to improve the uniformity of the laser beam profile. At the same time, inert gas 
is flowing above the surface of the film in a direction parallel to the surface of the film. The 
gas flow is typically higher than 0.5 liters/minute. Alternatively, the gas could be flown 
through a nozzle assembly attached to the optical system that is fixed to the laser. In this 
example, the inert gas flows in a direction almost perpendicular to the surface of the film. 
[0061] As the X-Y stage on which the substrate with the film is situated moves, a different 
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region of the film is brought under the beam, then crystallized. A typical beam size for this 
geometric configuration is 3-4 square inches. Assuming a substrate size of 360 X 465 mm 2 , 
29-65 single shots are necessary to cover the whole region of the panel. Preferably 2-3 shots 
are delivered on each region to improve the crystalline characteristics of the film, increasing 
the number of shots to 87-195 times/panel. This type of excimer laser can deliver 6-15 
shots/second, therefore, the time to anneal the whole panel is determined by the movement of 
the X-Y stage from region to region, rather than the discharge rate of the laser. 
[0062] The inert gas that is continuously flowing (by either of the two proposed 
configurations) effectively purges air from the surface of the silicon film, thus reducing the 
amount of oxygen that can be incorporated into the film that undergoes crystallization. In 
this manner, control of the oxygen content is possible at or below 0.5 at %. Without the inert 
gas purge the oxygen content of the polycrystalline silicon film would increase to about 3.4 
at %. Argon can be used as the inert gas as it does not form any compounds with the silicon 
film. However, nitrogen gas may also be applied to achieve the same object. 
[0063] The present invention provides a simple and cost-effective means for reducing the 
oxygen content of the polycrystalline silicon film annealed by ELA. This reduces the cost of 
producing a flat panel display as improving the quality of the silicon film on glass. 
[0064] Alternative embodiment within the scope of the present invention will come to mind of 
those skilled in the art of ELA treatment. For example, the type and configuration of an inert 
gas supply nozzle discussed above is suggestive only, and other systems are possible for 
displacing air from the target region on the silicon film during ELA. The equipment for 
performing ELA is continuously evolving and the configuration shown in FIG 1 is suggestive 
only. 
[0065] 

[The Effect of the Invention] The present invention provides a simple and cost-effective 
method of reducing the oxygen content of the polycrystalline silicon film annealed by ELA. 
In this method, the surrounding air is displaced from the surrounding environment in the 
target region by directing inert gas to the surface of the amorphous silicon film during 
excimer laser annealing. The amorphous silicon film is transformed into a polycrystalline 
silicon film by the excimer laser annealing, wherein oxygen in the surrounding environment is 
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reduced, and the oxygen content of the resultant polycrystalline silicon layer is below a 

predetermined level. 

[Brief Description of the Drawing] 

[FIG 1] A schematic illustration of an excimer laser annealing apparatus adapted for 
practicing the method of the present invention. 

[FIG 2] A flow chart showing a step in a method of controlling oxygen incorporation during 
excimer laser annealing in a predominantly air surrounding in accordance with the present 
invention. 

[FIG 3] A flow chart similar to FIG 2 showing a step in an alternative embodiment of the 
present invention. 
[Description of the Mark] 

10 an excimer laser annealing (ELA) apparatus 

14 a laser head 

20 laser beam 

26 a homogenizer 

36 a flat panel display substrate 

38 an amorphous silicon film 

40 a movable stage 

42 surface 

43 a target region 

50 an inert gas supply system 

56 a reservoir 

60 a nozzle 

64 a manifold 

70 a valve 

74 a pump 
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tfi, (rough vacuum) (lO 'Torr) TEL 

A<Ht777&T&-5. &Sv>t2. X^->"7 V— tf7— - 
He. A r £fc«N, fr£tf>#»3&JSB-r8§£:2 

[0 0 0 7] ELAfO^^yijD^Ol^jiA 10 

«RIR63 i -v>A\i tfeWin*) x* 

^ELA^atftS*£:LTi3ig£*U RSEStl. 

1 ^ <£>S Strife -5 •fnTfc, £ 
*SH^Tfr*?n-5ELAtC«l;0. M^^-CT^.— 

[0 0 0 8] 30 

fSSHStt. ELA*itt»->yn>BHcjBAStlS«* 

[0 0 0 9] ^lET, ±»cS*$t©HH*fn?X*->-7U. 
TV-f 161£±<£>E LA^SvU n >M©iSi|o|± 

> H^^^r-ri.*«Rifi8^^>/\-o^stt*M<-r 40 
[0010] ^m^Ea*T?©Tn-;ufflic^tr 

$tlfcELA«S§tCitK«)ffl^7i£^M^*0^T. &I?I<Z> 
lASfiat^rilCiD, ELA^-ig^>''Jn>M<75 
£ [6] ±T 3 d £ UT & 5 5 o 

[001 1] *&mt±ft<Dmmiz&&Tti.£tifr*><D 

L Alz£ 0 7=--)l>2tlZ>&mik-> 'J n >flg<D&si^w 
W5Ci:T'fe4. 50 
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[0 0 12] 

^-r-&77teT$)-pT, a) 77 7H/^;i'f'fX7'l/'f 
*5 ^Tffiffl $ n €> ««_L 7 =E ;i/ 7 r X -> U n >M £ 
it«£-t*-£>Xa<h, b) 8->U3>ICl^±©^- 
MW«l::»LT. i+->7i/- lfX*;i^— 1 

xU3>$l4 : ->-7U- tf7x-;H,T, ^7^77 

X -> U n >Jf is U n >S fcS! A -5 Ii <h 

U tf7x-;UXS*«, i) ^x*->v 

>K*J:«fS«ii:gftt5llt, i i) &i?->?y 
x*->vu— *frx— ;i/tt>fc, gr>U 3>BI©&Jaffl8t 
[0 0 13] tat3x^->-7i^-ifTx-;n^^t^ ff| 
[0014] StrfBx^->vi^— tfyx— ;ns**. Xic 
[0 0 1 5] *Bl*i'7l'- tf7X-;HS*t, Bijfa 

&^-^7 hm&omttwzmf-y-y bmm<p<nmz 
w mn z i^o ^ ig ^-a,-^ u x t> «t ^ . 

[0 0 16] iEl+yTl/- *f7~— Jl/XS+tMIS 
[0 0 17] Mte->U=3>M©l-3^±(D^-yy 
[0 0 18] 777h/^J^X7"Kl:i3HTfffl 

T. a) 777 h/t^;py^x^'n'tc*5^T^ffi^n 

•5 S«± tc 7 ^ )V V 7 X -> U n >K * it S Ii 
<t. b) K->Un>Ki3«fcOtM»«tc, ^(c3g»T-fe^ 
A^ffi(7)^ffl^$:iji«-rSIgi:. c) ^HS^IC 

a^iij^-fr^Xgi:. d) K^-y^ 



( 5 

7 

U— ifx*.^*-^© 1 0^±CDS3feRg|*$:fif5 
SrX^->^U— y-*T^-;i/-r-5.I@i:. e) Kl«±© 
£X% Iyij3>IOHt5^-y 7 M*C»bT 

iiic) *3<t^d) Srasoig-rxat^^u -en 

X-;U#, tt*tf&M3nfcjiHattt*TfT:b*-U *S* 
i: LT#e,^fc^i-> ij 3 >I©t^ti^O . 5 

[0019] ffirie->«jn>K©«HB^®omf2^-yy 

h®^e>£^£*£i!i£i±.3Xa#, T;U^>j3«tUC^ 
[0 0 2 0] WI2XSC) fv bm.m*¥<D 

wimT^^y r x->u =!>m<Dmw(D±\z. ^eh^x 

[0 0 2 1] meiSc) fJfB«1SOMf27^;P7 

WiT&ffi.tx&mv&jimi s zizgl-sut $>&^. 20 

[0 0 2 2] MIHXSb) fr*> e) *t, 7 0t:*ii5§©2& 

[0 0 2 3] 777 W^U-x-f X:/U-f t£*5<^X^3§ 

X, a) 777 h/WPf^77"H tC*3t,iT^ffl$n 
**«J:»c7 ; &;i/7rx>'U3»K**«l«$-e--5XS 

■t, b) ~>v=i>m35&zfmmz. XK^x&STcm 

X, K>' , Jr3>KC0^®^^Fett7?XCDSfttl^r6]W^,^ 

lit. d) — ^£a±<dk->'j 3 >m<o*—yy bmm. 

iZMLT. I+y?l/- tfX*;!^— "vCD 1 Isie/.iCDS 
l*y71/-if7r-jHT. K7XJU7 rXv U n > 

m&&mgh'>vzi>miz%:z.2>xm}i$:&'£L. ^ni: 

HSUt + XfiffctX, ^ItLT^f.nfcg^lxiJ^ 
[0 0 2 4] MI2->'Jn>^©HSfB^E©fflS5^ — y-y 40 
=i >KroKSEtcfttt-5Xg£a^txT*>«kt>„ 

[0 0 2 5] fltliexgb) 7 0'C*^(D®SCD^H 

SMt * tstt-r Ii £ £ 5 lz&<£ L T fc «fc t». 

[0 0 2 6] WIBXSb) ^O^a^^Jf^-r 
•5 Ii £ $ e. \Z&.S V T J: 

[0 0 2 7] flttex^vV^— !f7r-j^©, gtjteji 

mmm<pe>mm<n{g;mz<kr>. ts*iLT*6ftft«iE 

^S->'Jn>glr*3^T. 0. 51^- tr>h«tO 50 
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[0028] HfrfBx^->vu— y-*y--;pxs*^ strfB 
[0029] wt, ftm\z-z>^Tm.wtz>. 

[0 0 3 0] 77 7 h/^JU7VX7V--f K&^X^/B 

•f iz&m ztiz>&ffi.±.\zT^)i7 7 x -> u n >M£±£« 

•5. *OIiB, ->Un>K©lo£A±0^— y*7 
^ic^fL-x, i^yyi/- tfx^M 1 — ^CD 1 [§]£U:0 

m%T'm%t&fT? 0. t^;u7tx->u=i>^ 
mt-rz, i+yvi/-u ! 7r-jngii, ->ij3>ig 

l/-f7r-;ni(i, ^— -^7 h®^cDfi9l^*[c-> 
Un>K©Sffitc^Stt#x£fttt£>c £(;:«}; tk 
-y? h®«O^S8^«>5^^iH#H^^»$-&SX 
g£ ^Oi5l:LT. 1^x71/- if 

tl. *Sm£LXf#£ttfc^i&SvU:3>>I<D&^^r» 

[0031] *&m<D#?mt£nffiMm-&z. ->vzi>m 

&2>mzmm£nz>^m&j]x\t, 7)Vzi>a^.zs^m 
a»e&sw;&»&»*?sn*. tit, i^snt^x© 

7*^>*Wf t^. i+->71/-if73-;u 

[0032] £to nmfs.zte 

[0 0 3 3] *%^t4, 'fi£ii:cr)1}--1'X<757 7 7 
f-f X7"KM *HJ«ffl»(C*5tiX. JSS 

T-fX7"H'SfiSfcSLCD«fii:t)P?«tl5) XX 
7^77X->Ua>S:^SyU3>t^l,fei6l: 
^JH^rUt-S. SfoX. ->Un>^<D^-y7 
MI^T-S>xax«. 1 0<D->3 7 K'^-7'7 Nffl^© 
^SI^LT. mi£cD^-7-*7 
^*5-Tx-;U-r-&Ci:d^Si^tlS. EL Ate, 



( 6 

9 

*jb»t* B8*txs^*6Jw«a<z>«» 10 

[0 0 3 4] *fg9lG>7&ffitt. ifcffl«0«H4"TfTto 

[0 0 3 5] *J8Wl:«t0, 77 7h/^;^X7 p l/ 

*«jEE*3cfctf£i&<o, ^k^it&sjbhi** 1 ! 3 
TfT^n^>o cicpya-trxTte, i+*>yi/- tfrx — 

0»J«Stlft:*ISft'>U3>4:JtttUT, iD'Mt^ 
[0 0 3 6] 50 
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(ELA) Sfl 0(O««»*©*ISHT*S. 
XCOSopra, S. A. , F-f7^L ambd a P 
hys ik, 3$<£Z£t> U y ^ JlziTiMy b (F r 

emont) 0XMR, Inc. & £<D&Ofr<Dtlj&Mt 

Yi/-y i 7--;k>XrA^ffi^bTV^ 0 x3=^>^U 
-if*±tfBlt$y7rAft X*~>V If 7X- 

ttA^U=i>KK:KA«/t»lcR|H-£n^SOELA 
is X A £ 1 *> ( C ffi ffl -T £ <?> t Z M L/ T t . 

[0 0 3 7] X*i/-7l/-if7-->l|/gtl0tt, IK 
^nfc&S^ii5X^;U^-<Dnh-U> h ft ft 3* «: JIB It 
"T^U— if^v^y H 1 4&<£tS. ffifflSn-SU-lfOlS 

IS§f(£SiR*JlT$><5<, 0U*.#, XeC 1 U-lf 
tt. 3 0 8 nm<&ifcfi<0UVttj*£jHltU KrFI/- 
Iftt, 2 4 8 nm<0«fi-Cl&frr*. if 1 4 J4, 2 

^^r^^ju^—u^Mzmm^mtji/vu^t^tirz 

H. ASWJwtt, lO-2OOnm0$61T^§u(i: 
/^XiHI9iILU-Mi«ELT, 0. lHzt 
5 0Hzt(DMTa«RHBT»<&. ElTl:H«t*«t3 
fc. If— AOBfffitt, - tf<D/t»7 — U^Pi, SIT 

mmznz*^^ ?x<Dmmt\z&&LTfci&miz& 

£>9ff£e ttlc<D^CDX^'>^U— Ifv-X^AOIW 

[0 0 3 8] U— tfl4tt. If— A2 0&JRHU f- 
A2 0te, If— Atf^v^-f +f (homogenizer) 26$ 

sia-r^o. ^^^^--rif 2 6\$, if y bm 

m\zmz*£z\zmnm\zm-tL\i-i±zru7 )vz 

Mtl)^y7TATS5. t-A2 0^yt-f 
If 2 6^J:^ffi(7)ffijScDIB^T^^y^^ (H^i*- 
■f) ^e^tlfc<t#<^b*— A2 0<D-tMXk:«fc9, I/— 

iff-A2 o*«Hi»#an**«±o^-yy 

1 0 mm' t 5 0 mm 2 1 t - , 1 

®<DmytT*yyy h/^r^ywtft:$7--^ 
■T*e:i**"C#«>iito«)-5 r^>>>/;i / ^ 3 , y hj el a 

[0 0 3 9] tf fcf-A2 0*|pIft6tl-6^ — 4r*ty h 
tt, 7^77XyU^>ISI3 8**Mt>oT*asn 
W5777 h/^;U7 f ^xyU'1'S1S3 6T*§ 8 S 
HOrtT', S1S3 6{4. S«3 6±<Dmffi.-?2>*—ir 
7M84 3 (uuT, f-A2 0«R3 8i:S&5) 
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^.fctflWf &:*X7^ J^ftDtXf-yKRl/Tl 
rfr>-f d £:!;:<£ k*— A 2 0 £S1S3 6 ±CDg 

fy bmmzitm2>£v\z\i— a 2 oro^r^ 

^X.^CtCi»3, ^»^X^-i74 0O«gld^fi£$ 
£©J:3fc:SftT»*3nfc»£Tt>,' ELA8I1 0 

->Un>g3 8©S®4 2C9^t#?ffii££, 10 

[0 0 4 0] V— *f 1 4CDA>7 — fig#t$*l-&U' 
— 1f/^XC9j#i&l$IH. *3iO!U-tfk , -A2 0 0t'f 

Eg, IP*. r-> 3 . v hj ft*. ELAyXf 

A«. T : E)lyy7,zyV=iym:^mmz7--)Ul,R-D 
f£&itT2>tc)t>\Z, g6«©€Hf^«**fctt^-yy h 

I^i:*ftx, ^gcEicDSft. i^iriotit l o o 

i?\Z*>mfe$tl-?, V— ifx^^^— © 1 !h1C9->3 h 

■5 tcyn^A£ftfcttJc©iiW£A7 — l^;P<Dx=£ 

«fctf£— A2 0*«, 1 [Hl©g^-t?*« 3 6 (D«®^^ 
rjglt (shoot) j TS©ir+^-^£/1"7— is&xm 

<D7-?i)ir-->3>\zis^T\t. amit, mm±&tf& 

[0 0 4 1] *389i©JM*W&:fiJjfttt, ELAgll 0 
X*->"7U— tf7--;U4'tS«3 6#H£ft-3^ 

^^>/\-«, silt. ?mn&3ifzte{&Mmzmi5.2ti2> 
sts&oizmmztiz. ^<D^otmm.9-^yn^ts 40 

ELAy7,fAm l/-lfl 4A^Ot:-A2 0tt, 

A -5. *f89i©;Sffi£^l?TT-5*§-g\ ^-V>A, ^ > 

<D^tt. ^BtStiao*. ^-©ftftOlC, 8110T 
«. U— tfl4. SHjjSX't— ->*4 0. tS*Zf* — ¥y 
hS«3 6#, ee*<DLCDJaSffl^U->;P-A»^ 
l::iSB£ft-5. CC0i7 U — ASSftttSfc, LCD 
SSSrX- YXf- >>4 0±lcEM-r-5fc*CDii«J^S 



000-138180 

12 

[0 0 4 2] *%H®£&€£fT-r<&fcibl;:&££ftfc 
E L A^fi 1 0 «. S« 3 6 ±©-> U3>I3 8 OD^M 
tC^ffi^^^*[S]ttSfcai)©^ffiti^X^->X^A5 
O&StS. ^Fffitt^X«$&->X^A 5 0«. jg^J^TS 
tt#X, jff^L<«, 7)l>3> (Ar) (N 
,) CD 1 -PEA±<DUlf-/\'5 6£$tr. U+F— A*5 6 
tt, jgWi|iUb§§t::jg££ft3*^ Wffc£ftfc#;*S 
^#-#•5. Uf-A'56(l #XU1f— 

[0 0 4 3] ^ffitt^X«^Ulf-A*5 6«, S«3 6 
±©->'j3>Kl3 8 COS® 4 2C0«^(C^S14^X* 

oetico/x^e o\zwmwi\zmmisn2>. «^uif- 

A*5 6 4>e>/XA6 0^©^ffitt#X©«tft£3i«flip-r-5 
tztblz, 1 t3£JUt<D/W7' 7 0*5J:^t}?>7 p 7 

icsstteft-s. sx)U6o<d&., +m*x, sscttf 
#Sfc<£Ml>!?<D./X;k Sfctt, 1 

[0 0 4 4] ^ffitt^Xtt^->X^-A5 OCDBMte. ^ 
— hffi^4 3'\OI/-tfb'-A2 OCOfiaW+'tc. > 
U3>13 8©Sffi4 2 tc, JfiKB. 

7;u=f>SfettS^^(fi]tt-g»c:tT*$.-5.„ #x«, ^~ 

y-y h^^4 3 9-*x^^— "CI mVA±. 

HM^?.^i!i yx;u6 ocoi5:43«t^Eg7!)^ 
h^H4 2©-tM , X*3<fctflS]€f. x^->VU- 

•tff-A2 oco-y-'rx*3j;^XD7T'i';u. 

T«t4^XCOam*5<tt/#:«, /ie^tCEL K<Dtz*b\Z 
[0 0 4 5] ELACOW, ffiSft*. v-Un>M38CD* 

14 2i**^i»i^i:^S$^5A\ $fl^$txfc 

bmm.4 3C0^e»^»$-a:S^{--fe#LT, 
/X)Ufc, X- YXr-y4 0 t«t t>fC«H6LTt) (BP 
% V S1S3 6lcWLT@j£Lfc$£T*>) . Xf->'4 
OA^tbLT^-sraa^LfeS^Tfe-pTfeJ:^,, 
CD^Xv'a >T?«. 7X;U6 0«. K3 8±©SS?^Ttl 

S-^-^u/ hM^C0X^->-=?L— *?7--)V£\Z 

-> u 3 >a 3 8 (omm 4 2 ±mzm <r«t 5 ic*^$ n 
•5. -#g©^-x->3 >t-«. yx;P6 0it L'-A2 
oic^LTH^^n, *«3 6©^B^a^-r^^-y 

[0 0 4 6] 02H. *^H^oo^ffi(OXg^^-r. I«] 
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<DZfu±XT*\ZJiyXmfa3 6 (^ 1 ) ^LTt^ 

5XvJf»ffc¥tt««fiJcfi (PECVD) Uii<DHM<D 
igWcC^StCct 0, 7^77Xy'j3> (a-S i) 

»SL<liPECVDSfflUT, :©/tU 
TJI*«S-r^9^0±»Cifta$n*. g«3 6i:<Da- 10 

s i mnAmttiummmmtt* a*, 2o-2oonm 

[0 0 4 7] C^jSO*C7)Ig9 2, 9 4*5^:^9 6 
!f7=-;W*«l 0KE«*tl*. I89 2T, > 

77yh/W^7^KO*lt 

fta^cDA^wft^ u->;p— /.»«©ffl»*TfTton 

tt, X^v^U— If If— A 2 0^5>Uzi>JK3 8 0£i 
4 2l:Sfc<bt<'B«t5 (immediate) (IP 

tt, ffi«Tttft<5Ffitti!yXT*<5J:i***'r-6. * 
IB + l;:. ->U 3 >«3 8 2 Ct <IM*t4B» 
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[0 0 4 9] ^ffi(D*(DlST*5Ii9 4H y'j3 

ffi«4 3<DiHI**fclK3 8CO*ffi4 2 fttttS 
tt^X€rfp]»^^ffitt^X#fcS&vX^A 5 0 (Z^OfT^ 
tl^>o Ig9 4Tf ffl^Etl^!ffa^ffitt^X«, 

SffioRF^Ttt. 7;i^><0«ffl*i£arrsa** ££ft 
S*»lC«tD, IS9 4\Z3$\1r2>mm\Z-2\,*T, mmo 

[0050] ig 9 4 -eta, tf if- a 2 0 k 

[0 0 5 1] *(7)IgT^§Ig9 6tt, X^yTl/- 
IfTX— ;Hitft4. 7^77XyU3>R3 8 
tt. XS9 2*icX9 4 t^«rtcx=lr->vu— tfx^;p 

K\ A^Wftx^'>vU—tfTx-;U^Htt, y'j3> 
l^»it§^-y7 hi«C»LT, x^yTl/- tf 

x*;i^— ^\cd 1 mzxiiomyt-cmM&fT-DT, t^ji 

7 7 X y U 3 > I ^ y >J ^ >I Hf ^ ^ ^ <h C i 
0, ELASrfr^o &€>^te, S« 3 6 &-\~tt\Z'hZ H 

Sfctt. t-A2 OW^C X&+tt\Z±i£Wtl&, 
l^-y7bSS4 3^ lEKOygyhSfcttB 
3t^45 U n >« 3 8 <0*BB««^# t L# 

£o -^OJSgJIL Ig9 6fl *fc***^c:tt, ->Un> 
m<DlZ>£l±<D?-dfy hmmzMlsT. X+y7l/- 
Ifx^M^-'vtf) 1 BEt±<0«3fcTJtBJ**ff3 -<htcJ: 
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t£*>u^*-Yy hmmomz&itiz-r, ig9 6 it. 
Wisesii (9 4) tmm\z?ft)tiz>. 

[0 0 5 2) Al777hA^r^X^W0fcJ6© 
Wl«!!tlfi0fti*lp0 E L A t.^Tli, IS 9 
6 tt, >V U— y-'x^;|/^— '\© 1 [3.&(.±©®ft 

WL. ^(D'&lZ, 6±CD^-y-y hffiigU 3 <h 1/ 

-If tf-A 2 0 i:rop B 1<Dffi*ffiMSr|fg2B-r-5lS^^ 10 
tS. -^©J^teSBBBte. S 1 (Dmmiz&^T. U— If 
1 4l:Ht5»SSXr-y4 0 CDX- Y&W)IZ J: Dit 

[0 0 5 3] IS 9 6 #if&T-r •£><*:. yn-feX ©£/&!& 
9 811 ■2*>\zmW£fir>Tmm:\-7>i?X$' (TF 

-5. SIS 3 6±ffl^|yij3>i3 8©StMI 

-fe> h«k 9 fc®<^. 20 

[0054] is 9 4<Dr B vz&m£nz>^i$&tfxc>m. 
&^#«cD^^^^-r«.„ *«±©i§«£nfc 

*^tt. 119 4(C*5ft-5. ^RStttfX©^*©^!;: 

»i£-a-£*gt,v\*-x h*fc«/t;uxT«^^nf#, ^-© 
#x©su©a*-x hSfctez-uux?^ jgrbi,^— y 
h«s«ciciia^ti^. e 

i!f^O*««I«:»E*l S«ll*-r -5Cl<i:T-ag.0#-i>o «#© 
"^StC. Ig9 2, 9 4i5j:tf9 6 *<ff 

[0 0 5 5] 13(t *5EW<OXSOMO*lfi»l8S* 
T. 0 3 (DH^IiT-«, ELA^DtXIl jgiR£*T. 

(01) lOy'J^^roaai-i^-y-y h®*£(C2* 
LTfif^n^.. @3<D3IS£^!g©g^coiattlS 1 0 
0T-&9. cn«, 0 2 ©3li£)g!i©IS 9 Otl^UT 

$)-2>. m 3 (ommmm<o'^.<DT.mtxm 1 o 2-C&9. 50 
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c:n«, 0 2©*sspffi©iS9 2 tiwii^-e&o, ^\z 
&n<Dmmmm&is.fei<-z^z>. 0 3 ©in;&£s^©;&© 

Iililgl 0 4T-&D. ->'J 3>K©^ffi|;^F?§tt^ 
*«36»6ffi»*8«i*-a:*. II10 4I1 01©^ 

&#x{«s->x?A5 otc£9fT£>n. »$b<«T;u 

T->'J3>13 8©^® 4 2 tC[Sjtt^.nSo 

[0056] m3 (D^tmm<D^.<n>-xM\tTM 1 0 6 1? 

£9, C©ISH ISl 0 4d^fcnT^-S>r B T(C, ■> 

^(Dmyt-cmtt&iroziiiz&o. bmmo 

ST&-5. Iil0 6ll @2©Ig9 6c^T|, 

[0 0 5 7] S3 tC*$n-5J;'5tC. IS 1 0 8H -f 
XX/Z-ft^-OhTiO, 7DtX(i, 
mW.±.(D7^:)Vy 7 x -> U 3 >K*t*tt»-> U 3 >^(C 

^T, IS 10 4 (CM^TIS 1 0 4*3«fctfl 0 6 

«»->u =■.>«»::**>"&£, yD-fex«^7$tx^.<. 

ix/;-9s^>M0 8H ->'jr3>«±©jS^ 

h«*OBB#**«»-r*. ELA«|§§10 
© £ fcttfl?5£R© * - y y h H -> U n > tc^ 

m^n— 1> hio b&^mm^m&m-rz. ±ie© 

Snfcflffl3R*Tffto*X*ELAl6l 0 6 
[0 0 5 8] 

[*ss0<j] ^t. ^BjwTjSfci^^^y h/t^;py 
[0059] ■^^x^mmt^mm.m^.m (pecv 

D) tC«t0, 500AOfSO7=&;P77X->U3> 
^— Xn— h (BP^. 2 0 0 0 A©S i O, B) & 

tt&&rci*misT^tj.^mwmts.±\z-mm-tz>, c© 

^IC. <gi& (4 0 0-4 5 0*0 7x-JHg^IL, 
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X - Y X CD^ib J; 0 $ n-5 . 
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tttltf, #ISi,yU3>Koi^*IH ^)3. 4 a 
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^mxx & mm lt *> <t t». 

[0 0 6 3] #fg3Hte» ELAlCJ:07n— JV^tl^ 
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U=I>gt©BH(£ia]±Lft5&t5. 77 7hWT^7 

T'H^tlnXhJIIMn. 40 
[0 0 6 4] #S8HJ3<D«Brt©#J©*J6^ffia<, ELA 
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«S*lfcft»l:fi*iLT#6ftft*»fti'ij3>IO 
[0 2] #fgBJ ±Kl3S*<0»H«t'T©X*v'T 
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